We determine the N c -dependence of the resonance contributions to the AdlerWeisberger sum rule for the inverse square 1/g 2
Introduction
If the the axial charge commutator in the Adler-Weisberger relation for the axial vector coupling constant is saturated by a discrete set of pion-nucleon resonances (with spin j, parity P and isospin I) the sum rule takes the following form [1] , [2] 1 g 
In this expression g πN N stands for the pseudoscalar pion nucleon coupling constant,
jI is the (dimensionless) coupling constant for the spin-j (isospin-I) resonance coupling to the pion-nucleon system in the relativistic Rarita-Schwinger representation [3] , and m N and m jI denote the the nucleon and resonance masses, respectively.
Subsequently, f π denotes the pion weak decay coupling constant.
The quantities g A , m N and m jI scale with the number of color degrees of freedom [4, 5] tower that belongs to the contracted SU(4)-symmetry, which applies for the baryon states in strong coupling models [6, 7] and the 1/N c expansion [8, 9] . The isospin factor f I takes the value 1 for the I = cannot couple to the pion-nucleon system).
The parameter η in (1) takes the values ± and corresponds to the ± structure in the exponent of the parity P = (−1) j±1/2 of the intermediate resonance. For example, the sign "+" corresponds to the odd-parity resonances (with (−1)
as well as for the ∆-resonance and its Roper like excitation, whereas the "−" sign has to be used for the Nucleon-Roper, the Delta-odd-parity resonant excitations etc.
With the exception of the coupling constants g 2 N c scaling of the coupling constants
In the relativistic Rarita-Schwinger representation πN-resonance vertices are [3] :
where u(p) and u µ 1 ···µ j− 1
2
(p+q) are in turn the spinor and and totally symmetric tensor-spinor wave functions that describe the proton and the spin-j resonance,
are the wave functions of the isospin- 
Compare now the N c behavior of the non-relativistic reduction (in the baryon degrees of freedom) of eqs. (2) and (3) with the results for the non-relativistic quark model in the large N c limit. In this limit the non-relativistic reduction is well justified, since the baryon masses scale as O(N c ) and can be made arbitrarily heavy.
The naive quark model can also be relied upon in this limit as we only need the leading N c behavior of the resonance couplings, which is model-independent [8] . In the non-relativistic limit the spin-isospin-structure of the one-body vertex operators sandwiched between the proton state |N and a (by the transition allowed) baryon state |B j can take only one of the following four forms: a scalar-isoscalar sum
a pseudoscalar-isovector sum
a scalar-isovector sum
or a pseudoscalar-isoscalar sum
Here the index ν counts the N c different quarks of the proton and the spin-j resonance. In ( Note that in the vertex sum (6) the single quark σ ν · qτ β ν contributions add up coherently and lead to the the same N c scaling as in eq. (5), whereas the other two vertex sums (7) and (8) are suppressed by 1/N c since the quark contributions only add up destructively. In fact only the vertex sums (6) and (7) contribute here because of the isovector nature of the pion coupling. The N c behavior of the pion-proton vertices in the naive quark model is thus determined.
The non-relativistic reduction of the Rarita-Schwinger-type vertex matrix elements (2) and (3) is standard. Using the totally symmetric nature of the j- is odd, and with the scalar-isovector one, eq.(7), if j- 
#1 . Therefore the vertex matrix element (3) leads to the pseudoscalar-isovector structure, eq.(6), for j-
even and to the scalar-isovector one, eq. (7), for j-
odd. Thus, the N c behavior of the g
jI 's can now be predicted. The scaling of the Roper resonance coupling g #2 follows via eqs. (3) and (6) from g
and is thus O(N c ). The scaling of the odd-parity-nucleon-like coupling g 
results

#1
Note that in the rest frame of the resonance q = q ′ . #2 The "−" sign in the notation of ref. [3] is reflecting the "−" sign in j − 
(see eqs. (2) and (7)) and is O(1/N c ). The scaling behavior of the ∆ (ground state)
can be deduced from
as N 
(see eqs. (2) and (6)). The coupling constant g
of the odd-parity ∆-resonance also behaves as N c (see eqs. (3) and (7)), since
In general, comparing the non-relativistic reduction of eqs. (2) or (3) ) for P = (−1)
(see the 5th row in Table 1 ).
3 N c scaling of the resonance contributions to the sum rule
The N c scaling of all the quantities that enter on the right hand side of the AdlerWeisberger sum rule (1) is now determined. In the 7th row of Table 1 The widths of the spin-j isospin-I resonances are given by the expression [1, 3] :
Here p and E N are the three-momentum and the energy of the nucleon in the j- Table 1 ). Finally, as pointed out above, the width of the ∆(1232) falls with N c at least as O(1/N 2 c ).
Conclusions
The contribution C ∆ of the ∆ resonance to the right hand side of the AdlerWeisberger sum rule (1) is:
In the large N c limit when m ∆ → m N one finds that C ∆ → −1 [2, 12] 
